Raltegravir, the first approved integrase inhibitor, has been shown to be virologically effective in Phase II and Phase III clinical trials in both treatment naïve and triple class resistant patients. It also has an excellent tolerability profile and lacks significant drug-drug interactions making it an important drug in the treatment of a number of special patient populations. In this review its use in patients undergoing solid organ and bone marrow transplantation and patients receiving cancer chemotherapy, will be discussed. In addition other indications including patients with metabolic complications of existing antiretroviral drugs as well as patients with side effects on current HAART regimens. Other groups of patients where raltegravir may play an important role are patients with renal disease and tuberculosis. Finally, although not licensed for use in pregnancy, raltegravir may need to be considered in some pregnant women with antiretroviral resistance or tolerability issues with current HAART regimens.
INTRODUCTION
Raltegravir, the first approved intergrase inhibitor, has been shown to be virologically effective in phase II and III clinical trials in both treatment naïve [1, 2] and triple class resistant [3, 4] patients. These studies have shown that raltegravir is well tolerated and has no effect on lipids and has the advantage that in in-vitro studies it has significantly less drug interactions than other antiretroviral agents, make it an important addition to our treatment armenterium for patients with HIV infection.
In vitro studies show that raltegravir is not a substrate of cytochrome P450 (CYP) enzymes and does not inhibit CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6 or CYP3A. It does not induce CYP3A4 and does not inhibit P-glycoprotein-mediated transport. Based on these data raltegravir is not expected to effect the pharmacokinetics of drugs that are substrates of these enzymes or P glycoprotein. In vivo and in vitro studies demonstrate raltegravir is eliminated mainly by metabolism via a UGTIAI-mediated glucuronidation pathway. Raltegravir is an important option for patients with comorbidities and needing medications which interact with antiretroviral agents.
The above attributes of efficacy, the excellent tolerability profile and the lack of significant drug-drug interactions make raltegravir an attractive option for many patients with HIV infection. It may play an important role in patients undergoing solid organ and bone marrow transplantation, patients receiving chemotherapy for malignant disease and some patients with HIV/TB co-infection. Other groups of patients with HIV infection may also benefit from raltegravir. This will include patients with dyslipidaemia and patients who currently have side-effects from antiretroviral therapy in particular the boosted PI's. In addition, in this review, the use of raltegravir in pregnancy will be discussed. A further possible future role for raltegravir may be in post exposure prophylaxis where its mode of action and good tolerability could make an attractive component of future PEP regimens.
RALTEGRAVIR USE IN SOLID ORGAN TRANSPLANTATION
Solid organ liver and renal transplantations are now performed successfully in selected HIV infected patients. However, multiple and reciprocal drug-drug interactions are observed between antiretroviral drugs and the calcinerin inhibitors through CYP450 metabolisation. Raltegravir is not a substrate of CYP450 enzymes, as discussed above, while the nonnucleoside reverse transcriptase inhibitors (NNRTI's) and particularly boosted protease inhibitors PI/r have significant drug drug interactions with the calcinerin inhibitors, ciclosporin and tacrolimus. The avoidance of PI/r based therapy post transplantation may lead to more manageable interactions and better transplant outcomes. There has already been some experience from investigators in the UK, Italy and France of the use of raltegravir in combination with 2 nucleoside reverse transcriptase inhibitors (NRTI's) for both patients undergoing liver transplantation and renal transplantation with sustained virological response (11 months of follow up) and no apparent interaction with immunosuppressant therapy leading to good graft function [5, 6, 7] . The advantage of using raltegravir, a drug of high antiviral potency and non-significant interactions with immunosuppressants make this a possible safe and effective choice of agent in the management of these patients. Standard doses of raltegravir can be used with ciclosporin, tacrilimus and mycophenolate, assuming no other drug reactions. Its use reduces the need for dose adjustments, simplifying patient management.
RALTEGRAVIR USE IN BONE MARROW TRANSPLANTATION
As for those patients undergoing liver and renal transplantation, ciclosporin is used in bone marrow transplantation which is now being used in patients with HIV related lymphomas and other non-HIV related haematological malignancies. Again, the use of ciclosporin can cause difficulty in using this with current HAART regimens. Raltegravir may again be a very useful alternative for those patients avoiding the use of boosted PIs and NNRTI's for the period of ciclosporine use. Patients who develop graft versus host disease may need to be on ciclosporin for very long prolonged periods of time and for these patients in particular, raltegravir is a very important option.
RALTEGRAVIR USE IN PATIENTS RECEIVING CHEMOTHERAPY
Several recent cohort studies have shown that non-AIDS-defining cancers are more common in HIV-infected patients than HIV in uninfected persons [8, 9] . The chemotherapeutic agents used in the treatment of many malignancies are often metabolised by CYP isoenzymes. There is however very little information particularly for for older chemotherapeutic drugs on drug interactions with any CYP inhibitors or inducers and very little data of drug-drug interactions with the NNRTI's and PI/r. Potentially, the use of NNRTIs and PI/HAART may lead to increased toxicity. In patients with non Hodgkin's lymphoma there is evidence that PI/r based HAART leads to profound and prolonged neutropenia [10] . Many patients receiving chemotherapy will acquire fungal prophylaxis and again drug -drug interactions of anti-fungals and antiretroviral agents can result in complicated drug interactions. The drug of choice in non vincristine based chemotherapeutic regimens is itraconazole, however NRTI based HAART will lead to almost undetectable itraconazole levels and increased risk of fungal infection. Fluconazole is an alternative but does not prevent aspergillus infection which limits its use. Ambisone is also a possible option but it is very expensive and carries the increased risk of renal complications. The use of raltegravir is part of HAART regimens for these patients provides an attractive alternative option.
RALTEGRAVIR USE IN PATIENTS WITH HIV/TB CO-INFECTION
Patients with TB are usually treated with efavirenz based HAART and continue on standard doses of rifampicin [11] . However there will be a group of patients for whom efavirenz is inappropriate because of transmitted or acquired NNRTI resistance and also would not be the drug of choice in patients with transmitted or acquired NRTI resistance. In this group of patients a raltegravir based regimen is an attractive option to allow the patient to continue rifampicin based TB treatment. There is at present no real data on the correct dose of raltegravir with rifampicin. The raltegravir data sheets suggests using raltegravir 800mg b.d.
without any pharmacokinetic evidence. Many would argue that levels of raltegravir are not as important as with other antiretroviral agents and standard doses would be effective. Clearly, more data is needed [11] . In patients started on an efavirenz based regimen who have to switch therapy because of virological failure or tolerability reasons there will be a two week period when PI/r based HAART would be compromised by enzyme induction of both rifampicin and efavirenz. There may again be a case for the use of raltegravir if however a PI/r regimen is preferred, raltegravir could be considered for 2 -4 weeks while rifampicin is washed out and the PI/r regimen can be safely initiated.
RALTEGRAVIR USE IN PREGNANCY
Raltegravir is not licensed for use in pregnancy and to date there is minimal information of the use of this drug in pregnancy [12] . Pregnancy however should never preclude the use of an optimal antiretroviral therapy to treat the mother [12, 13] . In addition it is critical to reduce the viral load to undetectable levels to reduce the risk of mother to child transmission.
Raltegravir is classified as an FDA pregnancy category C (Table 1) and there is no evidence of teratogenicity in animal studies. At present safety and pharmacokinetic data are insufficient to recommend its use during pregnancy but as discussed above therapies of known benefit to a woman should not be withheld during pregnancy unless there are known adverse EUROPEAN effects on the mother, foetus or infant and these adverse effects outweigh the benefit to the woman. Raltegravir with its potent activity against multi-drug resistant HIV should be considered for patients with a drug resistance profile indicating the need for raltegravir as a component of a HAART regimen for the treatment of the womens HIV infection. There are also women who are unable to tolerate PI/r regimens during pregnancy because of side effects of nausea, vomiting and/or diarrhoea. The use of efavirenz is not advised during pregnancy even in the third trimester. Many women are not suitable for treatment with nevirapine because of liver impairment and/or low CD4 counts. In this situation raltegravir again could be considered as a possible agent in an antiretroviral regimen.
There are a small group of patients who present very late in pregnancy with high viral loads and raltegravir could be an important agent in the management of these patients because of its rapid virological suppression when compared to other antiretroviral agents. It is important for clinicians to ensure that they report all patients with pre-natal exposure to raltegravir to the antiretroviral pregnancy registry at www.APRregistry.com so that safety data is collected.
RALTEGRAVIR THERAPY USE IN PATIENTS WITH METABOLIC COMPLICATIONS OF HIV INFECTION
With patients living longer with HIV infection and taking antiretroviral therapy in the long-term , we are seeing an increased risk of metabolic complications with an increase of coronary events, dyslipidemia, insulin resistance, diabetes and hepatic steatosis [14] . Although the mechanisms are not fully understood, they are clearly multifactorial in origin and may include uncontrolled HIV infection, intermittent HAART therapy, antiretroviral therapy, hepatitis C co-infection, and lifestyle issues. All of these factors appear important and contribute to increased cardiovascular risk in patients [15] [16] [17] . Lipid disorders are common in HIV patients even prior to starting antiretroviral therapy and when patients start therapy, the problem may exacerbate particularly in patients receiving PI/r. Hypertriglyceridemia is common in patients receiving kaletra and there are lipid alterations with low dose Ritonavir when used in combination with all the protease inhibitors with this being demonstrated both in HIV positive patients and HIV negative individuals. Atazanavir, darunavir and fosamprenavir can be administered with a lower dose of Ritonavir, 100mg a day and this results in fewer lipid effects than kaletra but abnormal lipids remain problematic in some patients.
NNRTI use in particular with the use of efavirenz is also not infrequently associated with an increase in total cholesterol and LDL cholesterol levels when compared with lipid profiles of treatment naïve individuals. This increase is counterbalanced by an increase in HDL cholesterol for patients on nevirapine regimens.
Dyslipidemia also occurs with the use of NRTIs particularly zidovudine, DDI, stavudine and recent data from the DAD cohort and SMART trials showed an increased relative risk of myocardial infarction for patients receiving abacavir and didanosine. The risk for abacavir has not yet been fully substantiated or explained.
Raltegravir in both its phase 2 and phase 3 clinical trials in treatment naïve patients has been shown to have no effect on lipids [1] [2] [3] [4] and thus may be a very good choice for patients at high cardiovascular risk using established multivariate risk models such as the Framingham equation. All patients starting and changing HAART regimens should undergo a cardiovascular risk assessment before and those patients at increased cardiovascular risk, raltegravir should be considered as a possible option.
For existing patients on antiretroviral regimens with abnormal lipid profiles, switching the efavirenz or PI/r to raltegravir has been proposed as a potential strategy. In the SWITCHMARK studies [18] , two multi-centre double blind randomised studies were performed in patients with undetectable viral loads on combination antiretroviral therapy containing kaletra to evaluate the effect of switching from kaletra to raltegravir versus continuing on the same regimen. The primary endpoint included the mean percentage change in lipids at 12 weeks and the demonstration of non-inferiority with respect of viral efficacy. Preliminary results from the study demonstrated that changing to raltegravir was associated with improved lipid profiles, however the pre-defined margin for non-inferiority was not reached. Patients entering the study could have previously had virological failure and therefore may have nucleoside and non-nucleoside resistance and account for the lack of viral efficacy. Viral suppression of course must always be the priority but many clinicians would consider that as long as a patient had no baseline resistance when starting antiretroviral therapy, had had an undetectable viral load (<50 copies/ml) on their current antiretroviral regimen, and had never failed a previous HAART regimen then switching an NNRTI or PI/r to raltegravir to manage dyslipidemia would be a reasonable strategy.
RALTEGRAVIR USE WITH RENAL DISEASE
Patients with renal disease often present to clinicians with challenges in selecting an appropriate regimen. Tenofovir which is now used in most first line treatment regimens cannot be used safely in some patients with renal disease even with reduced doses, alternative agents should be considered whenever possible. Abacavir/lamivudine is a possibility for those who are at low risk for cardiovascular disease and those who have a pre-treatment HIV RNA of < 100,000 copies. However most patients with renal disease these also have high cardiovascular risk and the consideration of an NRTI sparing regimen to include raltegravir maybe considered although data on such regimens are as yet limited.
RALTEGRAVIR USE IN PATIENTS WITH TOLERABILITY ISSUES ON NNRTI AND PI REGIMENS
in patients with side effects on current HAART regimens. Some patients on PI/r regimens have substantial problems with gastrointestinal intolerance with nausea, vomiting and diarrhoea. In addition patients on efavirenz based regimens may have CNS or psychiatric side effects. In addition there will b e a further group of patients with toxicity to NRTIs. For these patients raltegravir should be considered as a possible component of a HAART regimen.
POST EXPOSURE PROPHYLAXIS
To date there is no data on the use of Raltegravir in post exposure prophylaxis. However data on current PEP regimens suggest that they are poorly tolerated with many patients both healthcare workers requiring PEP and individuals receiving antivirals post-sexual exposure stopping treatment before they have completed the course. Raltegravir should be investigated in PEP regimens because of its excellent tolerability profile. In addition the possible combination of a CCR5 entry inhibitor with an intergrase inhibitor has been suggested as a possible option for future PEP regimens. Studies to investigate these new strategies are clearly needed.
SUMMARY
Raltegravir the first licensed intergrase inhibitor is a drug with excellent tolerability, has no effect on lipids and has the added advantage of not being a substrate cytochrome P450 and therefore results in a lack of drug-drug interactions. It will prove to be a very useful agent in the treatment of many patients with HIV infection particularly the special populations discussed in this review. Data will continue to accrue which will further define its role in the management of patients with HIV infection.
